
Dynamic Modeling and High Performance Computing Simulation for Power Grid 
Mathema'cs	  and	  Computer	  Science	  and	  Energy	  Systems	  

•  High-‐performance	  compu1ng	  modeling	  and	  
simula1on	  of	  power	  grid	  systems	  

•  Fast	  solvers	  harnessing	  paralleliza1on	  through	  
domain	  decomposi1on	  and	  graph	  par11oning	  

•  Scalable	  linear,	  nonlinear,	  and	  adap1ve	  1me-‐
stepping	  solvers.	  

Capabili'es	  

Contact	   Mihai	  Anitescu	  (MCS),	  Emil	  Constan'enscu	  (MCS),	  Shrirang	  Abhyankar	  (ES	  &	  MCS).	  

	  
• 	  Support	  for	  large-‐scale	  compu1ng	  from	  models	  
to	  super-‐compu1ng	  and	  real-‐1me	  solu1ons	  
• 	  High-‐end	  solvers	  	  
• 	  Provides	  automa4c	  link	  to	  na4ve	  	  to	  
op4miza4on	  algorithms.	  
• 	  Computed	  automa4cally	  gradients	  and	  	  
sensi4vi4vi4es	  
	  

Solu'ons	  and	  Extensions	  
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Multiple processors (cores) used for solving the problem 

0	  

5	  

10	  

15	  

20	  

1	   2	   4	   8	   12	  

Ex
ec
u'

on
	  T
im

e	  
(s
ec
)	  

#cores	  

Achieving	  Real-‐Time	  Dynamic	  Simula'on	  Speed:	  
PuOng	  it	  all	  together:	  Test	  case	  2	  

Faster-than-real-time 

Slower-than-real-time 

Scalability plot of a 5 second simulation of a  20,000 node system ~ 150,000 variables  

-  Achieved real-time speed of under 5 seconds 
execution time on 8 cores. 

-  Execution time using state-of-the-art algorithm on 
single core = 300 seconds 

Applica'on	  
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Power	  System	  

Math,	  Solver,	  Simula'on	  
(PETSc)	  

Compu'ng	  and	  Analysis	  
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Communications 

Electric Grid 

Gas Network 

Water Network 

Simula'on	  of	  network	  of	  networks	  

DMNetwork	  
•  Abstrac1ons	  for	  rapidly	  developing	  network	  of	  

networks	  simula1ons	  on	  high-‐performance	  machines	  
•  Freely	  available	  with	  PETSc	  distribu1on	  
•  Generic	  design	  suited	  for	  most	  network	  simula1ons	  

Power	  Grid	  and	  Beyond…	  


